More recent experiments indicate that the Wassermann hapten is associated with the heavy material, which, however, does not function as a complete Wassermann antigen (8) . Kidd (9) found in extracts of non-filterable Brown-Pearce rabbit carcinoma a material that was sedirnentable at high speed and fixed complement with sera of tumor-bearing rabbits. This complement-fixing antigen was not demonstrated in extracts from normal tissues, virus papillomas, and uterine cancers of rabbits. Thus, it differs immunologically from the heavy material found in normal tissues. I t ~oes not produce tumors when injected into susceptible rabbits (9) .
The present study was undertaken to determine the immunological relationships of heavy materials present in organs of several animal species.
Material and Methods
Preparation of Antigen.--Tissues were frozen at -6 0 ° and ground in the cold with sand and taken up in 2.5 to 5 times this volume of saline. The extract was centrifuged at 2000 R.P.~. and the supematant fluid clarified by further centrifugation at 8000 R.P.M. for 15 minutes. These crude extracts were then recentrifuged at 27,000 R.P.M. for 1 hour, the supematant was decanted, and the sediment washed with cold saline. The washings were discarded and the pellets suspended in saline. The insoluble material was removed by centrifugation in the cold at 2000 R.P.M., part of the supematant solution was analyzed for nitrogen, and the rest stored at -6 0 ° .
Preparation of Immune Sera.--Rabbits were injected intravenously four times
weekly with alum-precipitated suspensions of high speed sediments. About 16 to 30 injections of suspensions containing 1 to 2 rag. protein per ml. were used for immunization. In several cases, the portion of the high speed sediment which failed to redissolve in saline was also used for immunization. Test bleedings were made 5 days after the last injection, and when the sera were satisfactory the animals were sacrificed and the sere kept in the ice box after adding merthiolate to make a final concentration of 1 : 10,000.
Antisera were prepared with heavy material from chicken tumor (Sarcoma 13 (10)), with spleen, and with chicken spleen heated to 100 ° for 1 hour; with human spleen and with human kidney; with mouse spleen and with mouse kidney; and with a suspension of leukemic mouse lymphocytes of a transmissible strain of mouse leukemia (Akf 5).
Complement Fixation Tests.--Tests were made by both antigen and serum dilutions. Sera of low titer often reacted to high dilutions of the antigen. The antigens were standardized on the basis of their nitrogen content. The sera were titrated using an antigen concentration of 0.1 rag. N per ml., unless otherwise indicated. In all tests 0.2 ml. each of antigen and of serum were mixed with 0.2 ml. of guinea pig serum diluted to contain 2 units of complement. Mter the tubes were incubated at 37 ° for 1 hour and at room temperature for an additional hour, 0.2 ml. of a 5 per cent suspension of sensitized sheep cells was added and the tubes again incubated during 30 minutes at 37 ° and the degree of hemolysis determined. A second reading was made after the tubes had remained in the ice box overnight. The presence of sheep hemolysins was determined by incubating mixtures of serum, complement, and a 2.5 per cent suspension of washed sheep cells for ~ hour at 37 °. Table I shows the distribution of complement-fixing antigens in fractions of extracts of chicken tumor and of chicken spleen obtained by high speed centrifugation.
Correlation of the Amount of Heavy Material with Complement-Fixing Activity
The clarified extracts of chicken tumor and spleen were centrifuged at 27,000 R.P.~. for 1 hour. The sediment was resuspended in saline, the insoluble debris removed, and the material recentrifuged at 27,000 ~.v.M. The highest dilution of each solution which would give complete fixation of 2 units of complement was then measured and the amount of antigen N calculated. Approximately 0.2 ml, of a solution containing about 0.002 rag. of N per ml. will fix completely 2 units of complement (Table I ). The minimum amount of nitrogen giving complement fixation is approximately the same with both spleen and tumor materials.
TABLE I

Relation of Complement Fixation to Heavy Material Present in Extracts from
The Distribution of Forssman Antigen in the Heavy Malerials Studied
Table I I shows the distribution of Forssman antigen in heavy materials of mouse and of chicken organs as ascertained by complement fixation tests with antisera against heated high speed deposits from chicken spleen. Previous experiments have shown that heating to 100 ° destroys the tissue specific antigens but not the Forssman antigen. In these experiments Forssman antibody was kept constant (1:100 dilution of a strong immune serum against heated chicken spleen material) and the antigen was used in diminishing amounts. Table I I indicates the relative amount of Forssman antigen present in the tissues studied. Spleen, lung, kidney, and tumor contain it in large quantities, while liver is devoid of Forssman antigen. Extracts from horse kidney and guinea pig spleen gave as strong reactions as corresponding extracts from chicken and mouse tissues. Extracts from spleen and kidney of man, beef, and rabbit contained no Forssman antigen. Splenic extract from a man of blood group A gave a weak or doubtful reaction; splenic extract from a man of blood group O contained no Forssman antigen. Very large amounts of Forssman antigen were found in high speed deposits from venereal sarcoma of dogs.
Inhibition of hemolysis of sheep erythrocytes produced by the addition of substances containing the Forssman antigen, preceding the hemolysin test, as described by Brahn and Schiff (11), is as specific for the determination of Forssman antigen as direct complement fixation tests with Forssman antibodies (Table III) . The alcoholic extracts were prepared as follows: The organs of animals were extracted with five volumes of 95 per cent alcohol at room temperature for 7 days. The extracts were centrifuged and concentrated to one-fifth of the original volume. The dilutions were prepared by adding the alcoholic extract to saline solution drop by drop until a I : 10 dilution was reached.
A preparation of hapten from horse kidney was kindly supplied by Dr. Karl Landsteiner.
The results of the inhibition with high speed deposits and alcoholic extracts were similar (Table III) . No inhibition was found with the Wassermann antigen or with high speed sediment from rabbit spleen. In further studies of the antigenic properties of heavy materials, all antisera which contained the Forssman antigen were absorbed with washed sheep erythrocytes. Table IV shows the relative amounts of heavy material which fixed complement with antisera against high speed deposits from chicken tumor and chicken spleen and with Forssman antiserum. The antisera against spleen and tumor gave almost identical results. Heavy materials from heart gave slight, those from kidney and liver strong group reactions; spleen, lung, and tumor materials gave equally strong reactions. The liver contained no Forssman antigen, while the spleen and lung contained large amounts. Chicken serum or plasma in a wide range of dilutions failed to fix complement with any of the antisera against high speed sediments. Table V shows the relative amount of heavy materials from mouse tissues fixing complement with antisera against high speed sediments from mouse kidney and spleen and with Forssman antiserum. The results suggest that Antiserum against heated chicken spleen containing 1.5 units of hemolysin and serum dilution 1:1000 were used. Abbreviations: 0 = complete inhibition, st --strong, ac ---almost complete, c --complete hemolysis. both spleen and kidney contain specific in addition to group reacting substances. Mouse liver, like chicken liver, contains no Forssman antigen in the dilutions tested. Table VI shows the relative amounts of material sedimentable at high speed which react with antiserum against high speed deposits from human kidney, spleen, and liver.
Immunological Relationship of Heavy Materials in Different Tissues of the Same Species
The sere were prepared with tissues from men of blood group 0 and contained no hemolysins for sheep erythrocytes.
With the anti-kidney serum, there is a strong cross-reaction between heavy materials from kidney and lung, while materials from spleen and heart give only slight or moderate cross-reaction. With both anti-spleen and anti-liver serum there is strong cross-reaction with all materials tested.
Complement Fixation Tests of High Speed Deposits from Chicken Organs with Antisera against Chicken Spleen and Chicken Tumor and with Forssman Antiserum
Absorption experiments were made to determine the character of the strong group reactions with the antisera against heavy materials from human liver. Kidney material was used for absorption because it reacted with this serum as strongly as the homologous substance. Human kidney was cut up into small particles, the fragments washed, mixed with immune serum, incubated at The anti-kidney serum was used in dilution 1:100, the anti-spleen and liver sera in dilution 1: 75. 37 ° for 1 hour, and centrifuged. The partially absorbed supernatant was again mixed with washed kidney particles, incubated at 37 ° for 1 hour, and allowed to stand overnight in the ice box.
The absorbed antisera against human liver no longer gave complement fixation test with kidney material in any of the dilutions tested, while its reactivity with the homologous material was almost unaltered.
The anti-kidney serum similarly absorbed with lung tissues lost most if not all of its antibodies reacting with lung and liver materials, but not those reacting with the homologous kidney substance.
The anti-spleen sera on the other hand, lost both homologous and heterologous antibodies by absorption with lung tissue.
Search for Organ Specific Heavy Maferials
Tests were made with sera at our disposal, to determine if some of the heavy materials possess organ specific substances. Table V I I shows that antisera against high speed deposits from chicken, mouse, and human spleen from The sera were used in dilution 1 : 100.
which the Forssman antibody had been removed by absorption with sheep erythrocytes reacted only with the homologous heavy materials. Table V I I I shows that antiserum against human kidney is species specific, while the antiserum against mouse kidney gives strong reactions with high speed deposits from both mouse and rabbit kidney. All three antisera against heavy material from mouse kidneys that were tested gave complement fixations with material from rabbit kidney. The reaction of the same sera with human kidney material varied, two giving a slight and one no cross-reaction.
DISCUSSION
Previous experiments have shown that high speed deposits from chicken sarcoma cannot be distinguished from similar material present in normal spleen, by either precipitation or complement fixation tests. Numerous experiments aimed to distinguish by immunological means malignant blood cells of mice from normal blood cells were likewise unsuccessful. In spite of these negative experiments, it seemed desirable to investigate further the immunological properties of heavy normal materials present in different tissues. Kidd (9) already has shown that certain rabbit tumors can be characterized by the presence of immunologically active heavy materials. It is possible that a better knowledge of the normal heavy materials will aid future studies aimed to demonstrate the presence of similar heavy substances in neoplastic tissues.
In the course of these investigations it became evident that the heavy material is one of the most significant components of the cell because it is associated with enzymes of the cell as well as with the Forssman antigen and the Wassermann hapten. A further correlation between the immunological and other properties of the cell and its heavy material is highly desirable. The observations thus far made indicate that the heavy material is complex and that the same material exhibits properties common to different tissues of the same species, to similar tissues of different species, and may also possess specificity characteristic only of one organ of a given species (4, 5) . Studies on organ and individual specificities of whole tissues or tissue extracts by Witebsky (12) made by complement fixation tests and more recently by Bailey and Raffel using the technique of passive anaphylaxis (13) , have yielded similar results. In the light of the investigations of Landsteiner and others on the specificity of immune reactions (14) , these cross-reactions and specificities can be attributed in part to similarities and differences in chemical structure. But there is no reason to suppose that the material obtained by high speed centrifugation is a single substance and some group reactions, for example that between materials from liver and spleen, are probably due to different antigenic substances. Attempts to separate the Forssman antigen from the tissue and organ specific components by cross-precipitin-absorption using Forssman antiserum and anti-spleen serum, from which the Forssman antibody had been removed, were unsuccessful. This suggests that these specificities are not associated with two different substances; both are probably attached to the same heavy particle.
The question arose, whether the heavy material contains substances capable of producing cytotoxins. Experiments were made in association with Dr. C. T. Olcott to determine if the high speed sediments from kidney extracts would produce nephrotoxins in animals. Both heavy material and antigens for nephrotoxins are present in the extracts of kidneys; both are antigenic, and differ from the antigenic substance of the plasma of the host. The observation that rabbits immunized with heavy materials from mouse kidney may develop antibodies against heavy materials present in rabbit kidneys is of unusual interest. Unfortunately, the kidneys of these rabbits were not studied histologically and the few subsequent attempts made failed to demonstrate that autisera against the heavy materials from kidney possess nephrotoxic properties.
Recently, Henle and Chambers (15) obtained influenza virus unassociated with heavy materials by using allantoic and amniotic fluids of chick embryos inoculated with virus.
The question concerning the location of the heavy material in cells is of unusual interest. Claude (16) made observations suggesting that mitochondria are either carriers of the heavy material or are identical with it. Since both are of approximately the same size, the simple procedure of high speed centrifugation is not suitable to determine whether or not they are identical.
SUMMARY
Materials sedimentable at high speed (approximately 27,000 ~.P.~.) were found in all normal and neoplastic tissues studied. They are carriers of the Forssman antigen and of the Wassermann hapten.
These heavy materials exhibit species, organ, and individual specificity and produce several antibodies which can be demonstrated by absorption tests.
Heavy materials from chicken sarcoma and chicken spleen could not be distinguished by complement fixation tests.
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